There has been increasing interest in the use of isoform-selective inhibitors of phosphatidylinositide-3-kinase (PI3K) in cancer therapy. Using conditional deletion of the p110 catalytic isoforms of PI3K to predict sensitivity of cancer types to such inhibitors, we and others have demonstrated that tumors deficient of the phosphatase and tensin homolog (PTEN) are often dependent on the p110β isoform of PI3K. Because human cancers usually arise due to multiple genetic events, determining whether other genetic alterations might alter the p110 isoform requirements of PTEN-null tumors becomes a critical question. To investigate further the roles of p110 isoforms in PTEN-deficient tumors, we used a mouse model of ovarian endometrioid adenocarcinoma driven by concomitant activation of the rat sarcoma protein Kras, which is known to activate p110α, and loss of PTEN. In this model, ablation of p110β had no effect on tumor growth, whereas p110α ablation blocked tumor formation. Because ablation of PTEN alone is often p110β dependent, we wondered if the same held true in the ovary. Because PTEN loss alone in the ovary did not result in tumor formation, we tested PI3K isoform dependence in ovarian surface epithelium (OSE) cells deficient in both PTEN and p53. These cells were indeed p110β dependent, whereas OSEs expressing activated Kras with or without PTEN loss were p110α dependent. Furthermore, isoform-selective inhibitors showed a similar pattern of the isoform dependence in established Kras G12D /PTEN-deficient tumors. Taken together, our data suggest that, whereas in some tissues PTEN-null tumors appear to inherently depend on p110β, the p110 isoform reliance of PTEN-deficient tumors may be altered by concurrent mutations that activate p110α.
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ovarian cancer | PI3K inhibitors | genetically engineered mouse model T he phosphatidylinositide-3-kinases (PI3Ks) constitute a family of lipid kinases that are subdivided into three subclasses based on their mechanisms of activation, substrate preference, and subunit composition (1) (2) (3) . Of these, the class-IA PI3Ks has been intensively studied, as this class of enzymes has been demonstrated to be involved in human cancer. This class of PI3Ks is heterodimeric proteins composed of a catalytic p110 and a regulatory p85 subunit, both of which exist in several isoforms. There are three class IA p110 isoforms in mammalian cells, of which p110δ is mostly restricted to the immune system, whereas p110α and p110β are ubiquitously expressed (1, 2) . The class IA PI3Ks has long been found to promote oncogenic growth of cells in vitro (4) (5) (6) and PI3K signaling is known to be tightly controlled by the tumor suppressor phosphatase and tensin homolog (PTEN) (7) . More recently, interest in this protein family has increased due to the identification of cancer specific mutations in the p110α isoform (8) . Notably, in the initial study and in all subsequent reports, mutations were seen only in p110α (8) (9) (10) . To date, activating mutations of p110α have been found in a significant fraction of commonly occurring human cancers, whereas no somatic mutations have been identified in the other class IA isoforms p110β and p110δ (11, 12) . On the other hand, there are several cancer types that have been reported to have elevated levels and/or genomic amplifications of these other isoforms, indicating that they too may contribute to cancer (13, 14) . In addition, activation of receptor tyrosine kinases such as VEGF receptor, EGF receptor, PDGF receptor, or human epidermal growth factor receptor 2 (HER2) leading to the activation of the PI3K pathway usually requires p110α for signaling and tumorigenesis (15) (16) (17) . Rat sarcoma (Ras) proteins, which signal in part through PI3K pathway, are also frequently mutated in human cancer (18, 19) . For example, Kras-and Hras-dependent lung and skin tumors have been shown to rely on p110α (18, 19) , and this isoform has been reported to directly bind Kras. In contrast, p110β does not directly bind Ras proteins (20) . In addition, loss-of-function mutations in the tumor suppressor PTEN are common in many human tumors and result in PI3K pathway activation (7) . Whereas some mutations of the PI3K pathway are mutually exclusive, mutations in Kras and PTEN coexist in endometrial ovarian tumors (10, 21) .
Recently, we found that ablation of p110β can block tumor formation in a mouse prostate tumor model driven by Pten-loss (22) . Notably, ablation of p110α alone had no effect on tumor formation in this system. It has also been reported that p110β-selective inhibitors reduce AKT phosphorylation in PTEN-null human breast cancer cell lines (23) . Other groups found that specific knockdown of p110β, but not p110α, resulted in downregulation of PI3K pathway signaling and inhibition of growth in both cell-based and in vivo studies of breast and prostate human Significance Aberrant activation of the PI3K pathway is a frequent event in human cancer, making PI3K an attractive target in cancer therapy. Early generation inhibitors have poor efficacy and intolerable side effects; new PI3K isoform-selective inhibitors are emerging in the clinic. Much work is ongoing to determine the isoform dependence of different cancers. Of the ubiquitously expressed isoforms, p110α is critical for activated receptor tyrosine kinases or oncogenes, whereas p110β seems essential in many tumors deficient of the phosphatase and tensin homolog (PTEN). We show for the first time, to our knowledge, that PTEN-null ovarian tumors requiring p110β can become dependent on p110α through concurrent activation of the rat sarcoma protein Kras
G12D
. Our results provide critical insights into patient selection and stratification in current and future clinical trial designs with PI3K inhibitors.
tumor cell lines featuring PTEN mutations (24, 25) . All these studies suggested that p110β plays an important role in the tumorigenesis driven by loss of PTEN. Although considerable evidence links PTEN loss with p110β action, there are clearly human tumor cell lines featuring PTEN loss that are not dependent on p110β (23, 25) . Additionally, recent work has indicated that loss of PTEN in certain tissues may lead to p110α-dependent tumors in mice (26) . Reflecting the complexity of the matter, other reports show that some models may be equally dependent on both p110α and p110β isoforms (27, 28) .
In this study we explore the p110 isoform requirements in ovarian tumorigenesis. Little is known about the molecular characteristics and the specific pathways that contribute to ovarian cancer. Consequently, very limited targeted therapies are available to treat this disease. VEGF and poly (ADP-ribose) polymerase (PARP) inhibitors show promising results, but due to the severity and late progression of most ovarian cancers at the time of diagnosis, there is an urgent need for the development of more targeted therapies (29) . Here, we use a mouse model of ovarian endometrioid adenocarcinoma that depends upon concomitant activation of oncogenic Kras, and deletion of Pten (30) . Because the former is a known activator of p110α and the latter relies on p110β in most settings, this allows us to explore the critical question of isoform dependence in a model that is genetically more complex and more closely recapitulates the situation in human tumors, which are believed to arise from defects in multiple genes. Expression. To test the p110 isoform dependence in ovarian tumors arising from multiple genetic lesions, we used a welldocumented mouse model in which tumorigenesis is driven by the activation of Kras in combination with loss of Pten (30) . This model uses injection of a replication-deficient adenovirus expressing Cre recombinase (Ad-Cre) through a capillary tube into the ovarian bursa of female mice harboring both LSL-Kras G12D/+ and Pten loxP/loxP alleles (hereafter referred to as PK) to simultaneously activate the oncogenic Kras G12D allele and delete the Pten gene specifically in ovarian surface epithelial (OSE) cells (Fig. 1A) . We found that tumor progression in these PK mice recapitulated published findings (30) . As early as 3-5 wk after Ad-Cre injection, ovarian endometrioid-like epithelial lesions are observed, which proliferate and penetrate into the ovary at around 6 wk (Fig. 1B, Top) . Visible tumors are grossly apparent at 8-10 wk after Ad-Cre injection and develop into invasive endometrioid adenocarcinomas with 100% penetrance. At 10-16 wk post Ad-Cre administration, roughly 50% of the mice develop hemorrhagic ascites, similar to that seen in human ovarian carcinomas. Notably, either the Kras or Pten lesions alone are insufficient to drive efficient tumor formation.
To analyze which p110 isoform is required for tumor formation in PK mice, we crossed PK mice with the previously generated conditional knockout mice for p110α and p110β (17, 22) . This resulted in mouse lines that we refer to as PKA (harboring Pten loxP/loxP ; LSL-Kras G12D/+ ; p110α loxP/loxP alleles) and PKB (Pten loxP/loxP ; LSL-Kras G12D/+ ; p110β loxP/loxP ), respectively. After injection of Ad-Cre into the ovarian bursa of female PK, PKA, or PKB mice, tumor formation in these mice was followed for up to 6 mo. Interestingly, loss of p110β did not have a significant effect in this model, resulting in tumor formation and progression comparable to that of the PK mice as described above (Fig. 1B , Bottom). The genetic deletion of p110β in these PK tumors was confirmed by genomic PCR analysis (Fig. S1 ). In contrast, loss of p110α in PKA mice resulted in a dramatically reduced incidence of tumor formation in the ovaries (Fig. 1B , Middle).
About 30% (4 of 13) of these PKA mice retained normal ovarian structure without a single tumor lesion ( Fig. 1 B and C) . The tumor lesions found in 9 of 13 PKA mice only showed a few small hyperplastic lesions in the surface epithelium of the ovary (Fig. 1B, arrows) . Notably, we found similar hyperplastic lesions in ovaries of PKA mice at 4, 10, and up to 24 wk after Ad-Cre injection (Fig. 1B, arrows) , indicating that these small lesions never progressed into more blatant tumors during the time frame of observation (up to 24 wk).
We next characterized the ovarian tumor samples. Immunohistochemical analyses revealed that, at early stages after Ad-Cre injection in PK mice, PTEN expression is detectable inside the ovaries and in the epithelium retaining a single layer of cells (Fig.  S2A , Center and Right with arrows). However, in the proliferating parts of the epithelium as well as in tumorigenic regions, PTEN expression is lost (Fig. S2A , Left and Right with arrowheads). Importantly, the regions that have lost PTEN expression stain strongly for the proliferation marker Ki67 and the epithelial marker cytokeratin 8, suggesting that tumorigenesis originates in the ovarian surface epithelium in this model (Fig. S2B ). Western blot analysis of whole ovaries confirmed reduced abundance of PTEN in Ad-Cre-injected PK and PKB ovaries [left (L) side] compared with the mock-injected ovaries [right (R) side] from the same animal (Fig. S3 ). Because PKA mice fail to develop bulky tumors and only a small portion of the cells in a whole ovarian preparation represent the surface epithelial cells targeted in this model, PTEN expression, although lost in the epithelium, is unchanged in total PKA ovarian preparations (Fig.  S3 ). Because it is well known that loss of PTEN leads to derepression of the PI3K signaling pathway, we also analyzed its downstream signaling in the ovarian tumor samples. We found that Akt phosphorylation was elevated in ovaries with reduced PTEN expression. Phosphorylation of the S6 ribosomal protein also correlated well with tumor formation and Akt activation. In contrast, Akt phosphorylation in ovaries from PKA mice remained at basal levels, consistent with unchanged PTEN levels in whole ovaries (Fig. S3) . Immunohistochemistry showed that Akt and S6 protein were phosphorylated in the tumor regions that also showed Ki67 staining in both PK and PKB tissues (Fig. 2 , Top and Middle). In PKA mice, the single layer of surface epithelial cells is largely negative for nuclear staining of Ki67 and p-Akt (Fig. 2, Bottom) , except for some small hyperplastic lesions on the ovarian surface showing Akt phosphorylation (Fig. 2 , Bottom Inset). Together, these data suggest that the p110α isoform of PI3K is critical for tumorigenesis driven by concurrent Pten loss and Kras activation.
The Presence of Kras G12D Shifts the PI3K Isoform Dependence of PtenNull Induced Tumorigenesis from p110β to p110α. Whereas tumorigenesis in the Pten-null prostate is dependent on p110β (22) , the data presented here show that p110α is the more important isoform in an ovarian endometrioid model driven by concurrent Pten loss and Kras G12D expression. Although it is tempting to speculate that the presence of activated Kras explains this discrepancy, it is also possible that PTEN-null ovarian tumors cells (and perhaps all ovarian tumor cells featuring PI3K signaling) depend on p110α for more tissue-intrinsic reasons. Ideally we would perform the same set of experiments described above using mice with Pten loss, but lacking activation of Kras. However, tumor formation in these mice was too slow to make these experiments feasible. Hence, we decided instead to examine the p110 isoform dependence of an OSE cell transplantation model.
To epithelial origin, as well as progesterone receptor (PR) and estrogen receptor (ER) (Fig. S4) . These cells were then treated with Ad-Cre to either activate Kras G12D , delete Pten, or both, in combination with deletion of either p110α or p110β (Fig. 3 A and B) . After Ad-Cre treatment, we could show complete loss of p110α, p110β, and PTEN on a protein level (Fig. 3B) . Notably, the protein levels of p110α and p110β remain largely unchanged in these various OSEs in the presence or absence of Pten or mutant Kras (Fig. 3B) . The presence of the Kras G12D allele was apparent by genotyping (Fig. 3A) but did not increase protein levels of Ras (Fig. 3B) , consistent with the fact that this is a knock-in allele of mutant Kras (31, 32) . We also analyzed the PI3K signaling in the OSE-PK cells. After Cre treatment leading to the activation of Kras and loss of Pten, OSE-PK cells showed increased phosphorylation of Akt (Fig. S5) . Whereas additional loss of p110β did not change the signaling, additional loss of p110α prevented the increase of p-Akt, consistent with our immunohistochemistry results in the in vivo model (Fig. S5 and Fig. 2) . The resulting OSE cells proliferated normally in full growth medium containing FBS and growth factors (Fig. S6) , with no evidence of a growth defect arising from loss of any of the floxed genes. However, in serum-starved conditions without FBS or growth factors, the PKA, KA, and PB cell lines grew slower than the other cell lines (Fig. 3C) , suggesting that some factor(s) in the fully supplemented medium might compensate for the loss of p110α or p110β on proliferation in vitro.
We next tested the ability of these engineered immortalized OSE cells to form tumors in vivo by s.c. injection into the flank of nude mice. We found that OSE cells isolated from PK mice (OSE-PK), when injected at 2 × 10 6 cells per site, were able to grow into tumors efficiently (Fig. 3D) . Consistent with our previous experiments, the deletion of p110β had no inhibitory effect on this tumor growth, whereas knockout of p110α blocked tumor growth (Fig. 3D) . Anticipating a slower growth rate for cells with wild-type Pten, we then injected 5 × 10 6 OSE-K, OSE-KA, and OSE-KB cells s.c. in nude mice as described before. We found that, whereas OSE-KA cells failed to grow in vivo, both OSE-K and OSE-KB cells were able to form tumors in mice with a similar growth rate (Fig. 3E) , suggesting that p110α is important for tumorigenesis in OSE cells induced by oncogenic Kras.
To gain insight into whether the reliance of OSE-PK and OSE-K cells on p110α for tumor growth is due to a tissue-specific effect or rather caused by the presence of Kras, we conducted parallel experiments using a set of OSE cells derived from P, PA, and PB mice to generate OSE-P, OSE-PA, and OSE-PB cells, respectively. We found that these cells have a much lower tumorigenic potential than OSE-PK cells. Therefore, we increased the number of cells injected to 5 × 10 6 cells, similar to OSE-K cells. Using this increased cell number, OSE-P and OSE-PA cells formed small tumors (Fig. 3F) , whereas OSE-PB cells failed to form any tumor-like lesions, with only the matrigel plug containing macrophages and cellular debris visible at the injection sites (Fig. 3F) . It has been reported that local microenvironment may modulate tumor growth in vivo. Thus, we also transplanted these OSE cells into the mammary glands of recipient mice, trying to provide a stromal condition more supportive of tumor growth. Consistent with the findings from s.c. transplantation, both P and PA OSE cells grew into substantial tumor masses, but PB OSE cells did not form palpable masses (Fig. S7) . Whereas allograft of these OSE cells in mammary fat pad did not significantly increase the tumor volumes of the Pten-null OSEs in vivo, these data provide further evidence that p110β is important for the growth of Pten-null OSE cells in vivo.
To determine whether the dependence on p110β is preserved in larger Pten-null tumors, we attempted to generate more aggressive Pten-null tumors. (Fig. 3G) . Our hope was that genetic deletion of p53 would be superior to the dominant negative construct used in the original model. We immortalized these cell lines in vitro with CDK4-R24C and treated them with Ad-Cre to excise Pten and p53, alone or in combination with p110α or p110β (Fig. 3G) . We then injected these cells s.c. into the flanks of nude mice. The resulting PP and PPA tumors did grow faster and to a larger size, although the resulting tumors were still smaller than OSE-PK or OSE-K tumors (Fig. 3H) . Consistently, loss of p110β significantly reduced tumor sizes in this genetic background, similar to our results with OSE-PB cells (Fig. 3F) . Taken together, these results suggest that tumorigenesis induced by Pten loss in OSE cells depends on the p110β isoform of PI3K. However, in the presence of oncogenic Kras, these cells shift their isoform dependence from p110β to p110α, even when Pten is deleted.
Pharmacological Inhibition of p110α Effectively Blocks Tumorigenic
Growth of OSE-PK Cells. Because p110 isoform-selective inhibitors are available, and some of them are entering clinical trials (33), we sought to verify the isoform dependence shown in the genetic model using pharmacological inhibitors. For this study we used BYL719, a p110α-selective inhibitor currently in clinical trials for cancer patients (34) , and KIN193, a p110β-selective inhibitor that effectively reduces PI3K signaling in some PTEN-deficient cancer cells (23) .
We injected OSE-PK cells s. at the end of the treatment course of 3 wk. Consistent with our genetic findings, the tumor volumes in the BYL719-treated mice were significantly smaller than those of mice in the control group or KIN193-treated group (Fig. 4A) . We further carried out a similar drug trial experiment using established tumors to more closely mimic a clinical setting. Again the tumors in mice treated with BYL719 had much reduced sizes than tumors in mice treated with either vehicle or KIN193 (Fig. S8) . We also noticed that the tumor volumes in KIN193-treated mice were somewhat reduced or showed a trend toward decrease compared with tumors in the control group (Fig. 4A and Fig S8) , perhaps due to an off-target effect of the inhibitor. Analyses of tumor specimens prepared from mice in the different groups showed a significant reduction in p-Akt levels in BYL719-treated tumors compared with either control tumors or tumors treated with KIN193 (Fig. 4B) .
In parallel, we performed the same drug testing experiment on mice bearing allograft tumors of OSE-K and OSE-PP cells. Consistent with the results from our genetic models, BYL719 significantly inhibited OSE-K tumors, whereas KIN193 markedly blocked OSE-PP tumors (Fig. 4 C and D) . Taken together, our results suggest that ovarian tumors with PTEN loss and wild-type Kras are dependent on the p110β isoform of PI3K, indicating such tumors might benefit from treatment with a p110β-selective inhibitor. However, tumors with combined lesions of PTEN loss and Kras activation are dependent on the p110α isoform of PI3K. Our results suggest that the p110α-selective inhibitor BYL719 may be effective in treating cancers with coexisting PTEN deficiency and Kras activation.
Discussion
The data presented here establish that altering the genetic background of a PTEN-null tumor can change its PI3K isoform dependence. The assumption that loss of PTEN in an incipient tumor acts to remove a "brake" from PI3K signaling raises the question of what signals provide the initial "foot on the accelerator." Because p110β is thought to be primarily required not for receptor tyrosine kinase (RTK) signaling but rather for G protein-coupled receptor (GPCR) or integrin signaling (22, (35) (36) (37) , it is possible that the in vivo tumors studied here are responding to a local GPCR ligand, such as lysophosphatidic acid (LPA), arising either from the surrounding stroma or from an autocrine loop. However, we have no evidence for this in our system and, indeed, we found that LPA did not stimulate growth of the Pten-null OSE cells in vitro (Fig. S9 ). There is also evidence that the background signaling state in the absence of ligands for PI3K might be p110β dependent (38) (39) (40) . In this theory the background p110β signaling would be deregulated in Pten-null tumors. Finally it is possible that there exists a direct molecular mechanism linking p110β to Pten. In any case, an activated allele of Kras would be expected to directly engage p110α (18) (19) (20) 41) providing a new "accelerating" signal in the PK tumors.
There are several possible explanations for how Kras expression can change the p110 requirements for the growth of Pten-null tumors. The relative expression levels of the p110 isoforms might change in response to different genetic alterations-but the data in Fig. 3B clearly rule out this possibility. Another possibility arises from potential differences in the strengths of the signals activating the PI3K pathway in the different genetic backgrounds. It is conceivable that the signal intensity of the p110β-dependent input is much lower than the Kras-generated signal carried by p110α. This possibility, together with the fact that p110α has a stronger kinase activity than p110β (16, 39) , would explain the shift toward a p110α requirement. Alternatively, it is possible that activation of Kras both activates p110α and shuts off the signal responsible for p110β activation. Finally, in addition to the ability of Kras to activate p110α directly, it might also generate an autocrine or paracrine loop leading to the activation of RTKs, as has been reported in other cell types (42, 43) , which would strengthen the dependence of the signal on p110α.
It is notable the loss of Pten alone produces only weakly tumorigenic cells. The PTEN-null OSE cells invariably grew more slowly in vivo after transplantation than the K and PK cells, resulting in both smaller tumor size and longer apparent latency, suggesting that it may require additional "hit(s)" to cooperate with Pten loss for tumor progression to the more rapid growth seen in PK tumors. This is consistent with previously published studies showing that expression of an endogenous oncogenic allele of p110α or loss of Pten in the OSE via adeno-Cre injection produced only serous papillary hyperplasia of the OSE even upon long observation (44) . However, combining the two PI3K pathway lesions produced frank tumors (44) . Similarly, combining mutant Kras with Pten loss in OSEs produced aggressive tumors. In this case, the mutant Kras is able to contribute to tumorigensis not only via PI3K activation but via a number of other signaling pathways. In addition, Wu et al. showed that a combination of Pten loss and Apc loss, but not the single lesions, resulted in aggressive tumors (45) .
The fact that a PTEN-null tumor can depend on either p110α or p110β has important implications for therapy. Clinical trials of PI3K inhibitors have begun and are showing modestly promising results. The earliest trials have largely featured so-called pan-PI3K inhibitors that block the action of all receptor-coupled class I PI3K isoforms. However, preclinical work and several clinical trials suggest that inhibitors of individual isoforms may be able to achieve greater efficacy with fewer side effects (46) . For example, the compound GS1101, an inhibitor of the p110δ isoform, has proven extremely effective in certain B-cell neoplasias (47) . Early unpublished results also suggest that p110α-selective inhibitors are outperforming pan-PI3K inhibitors in ER positive breast cancer (33) . Thus, there is considerable need to determine the isoform dependence of a given tumor class. Recent work in model systems and human tumor cell lines has shown that tumors driven by oncogenes and activated receptors such as HER2 depend on p110α, suggesting that inhibitors targeting this isoform might be efficacious in this tumor class (16) . Our original work and that of others has shown that many PTEN-null tumors depend on p110β (22) (23) (24) (25) (26) . However, more recent work has shown that, in at least some tissues, PTEN-null tumors do not depend on p110β alone (26) (27) (28) 48) .
Importantly, this study highlights that, even in tissues where PTEN loss leads to p110β dependence, tumors may still escape the dependence on that isoform by acquiring additional mutations. One solution to this problem might be to use a combination of selective p110α and p110β inhibitors, or a pan-PI3K inhibitor. However, given the important physiological roles of PI3K, pan inhibitors have limitations due to their side effects, such as defects in insulin signaling (3, 46) . Because p110α is more important in insulin signaling, it may be advantageous to use p110β-selective inhibitors to treat PTEN-null tumors whenever possible. This suggests that a real emphasis must be placed on finding specific biomarkers or genetic characteristics that will predict the specificity for a given p110 isoform.
Materials and Methods
Mouse Strains. LSL-Kras G12D/+ mice and Pten loxP/loxP were acquired from the National Cancer Institute Mouse Models of Human Cancers Consortium mouse repository. p110α loxP/loxP (17) and p110β loxP/loxP (22) mice were developed previously in this laboratory. All animals were on a mixed genetic background. NCrNu female mice (Taconic) were used for allograft transplantation. All animals were housed and treated in accordance with protocols approved by the Institutional Animal Care and Use Committees of Dana-Farber Cancer Institute and Harvard Medical School.
OSE Isolation, Primary Culture, and Immortalization. For OSE isolation, ovaries were dissected and treated with collagenase (Sigma) and dispase (Life Technologies) for 1 h at 37°C. The epithelial cells were pelleted by centrifugation at 800 × g. To immortalize the primary cells, OSEs were transduced with p53-DD (6) and CDK4-R24C (Addgene plasmid 11254). OSE cells were treated in vitro with Ad-Cre (University of Iowa) for excision of floxed genes and kept in DMEM/F12 (Life Technologies) supplemented with 4% (vol/vol) FBS, 1% penicillin/streptomycin, 10 ng/mL EGF, 5 μg/mL insulin, 5 μg/mL transferrin, and 5 ng/mL sodium selenite.
In Vivo Drug Treatment. BYL719 (provided by Novartis Pharmaceuticals) was formulated in 0.5% methylcellulose and administered at 45 mg/kg orally (p.o.) once daily, KIN193 (purchased from MedChemexpress) was formulated in 7.5% (vol/vol) NMP, 40% (vol/vol) PEG-400 in H 2 O and administered at 20 mg/kg i.p. once daily.
For detailed methods, please refer to SI Materials and Methods.
